Arctic whaling:proceedings of the International Symposium Arctic Whaling February 1983 by Jacob, H.K. s' & Snoeijing, K
  
 University of Groningen
Arctic whaling
Jacob, H.K. s'; Snoeijing, K
Published in:
EPRINTS-BOOK-TITLE
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
1984
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Jacob, H. K. S., & Snoeijing, K. (1984). Arctic whaling: proceedings of the International Symposium Arctic
Whaling February 1983. In EPRINTS-BOOK-TITLE (8 ed.). Groningen: s.n..
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the




University of Groningen Netherlands 
cover: vignette of the Arctic Centre, designed by Aka Hoegh 
ARCTIC WHALING 
Proceedings of the International symposium 
Arctic Whaling February 1983 
ARCTIC CENTRE 
University of Groningen Netherlands 1984 
CIP-GEGEVENS 
Arctic 
Arctic whaling: proceedings of the international 
symposium Arctic whaling: february 1983 / [ed. by H.K. 
s' Jacob, K. Snoeijing, R. Vaughan]. - Groningen : University 
of Groningen. - Ill, foto's. - (Works / of the Arctic 
Centre, University of Groningen; 8) 
Met lit. opg. 
ISBN 90-800042-1-9 




In February 1983 the Arctic Centre of the University of Groningen held its 
sixth international symposiu·m. This time it was devoted to Arctic whaling. It 
is a 'pleasure to present herewith the proceedings of this meeting. The Arctic 
Centre was happy to notice that the participation of scholars from abroad had 
increased considerably. We could welcome speakers and visitors not only 
from the Netherlands, but also from the Scandinavian countries, Belgium, 
Germany, Great Britain, Canada and the U.S.A. 
The papers in this collection all deal with different aspects of the main 
theme. Dr. D.M. Hopkins (Menlo Park, U.S.A.), dr. P.M. Kelly (University 
of East Anglia, U.K.) and dr. T.E. Vinje (Norsk Polarinstitutt, Norway) 
approached the physical geographic context of whaling in the Arctic. The 
biological component of the Arctic ecosystem was focused by dr. P.J.H. van 
Bree (University of Amsterdam, the Netherlands) and dr. E.D. Mitchell Jr. 
(Ste-Anne de Bellevue, Canada). Under the heading "Patterns and Processes 
in Arctic Whaling" the history of autochtonous and foreign whaling in 
different parts of the Arctic was treated by prof. A.P. McCartney (Fayette-
ville, U.S.A.), prof. A.A. Dekin Jr. (Binghamton, U.S.A.), dr. R.C. Kugler 
(New Bedford, U.S.A.), prof. dr. R. Vaughan (Arctic Centre, Groningen, the 
Netherlands) and drs. L. Hacquebord (Arctic Centre, Groningen, the 
Netherlands). The connected problems of present whaling were discussed by 
drs. J.G. van Beek (Arnhem, the Netherlands). A brief summary by Deborah 
Gottheil (U.S.A.) of the Forum discussion is added to the proceedings. The 
theme of the discussion was "The confrontation and conflict between native 
subsistence and commercial whaling". The Arctic Centre is much obliged to 
dr. M. Tillman (U.S.A.) for his valuable contribution to this discussion as 
joint member of the panel of symposium speakers. 
Within the framework of the meeting a series of highly interesting films and 
video displays were shown, which were provided by speakers and different 
institutions. In connection with the. symposium, findings from the Arctic 
Centre-Carl Denig-Spitsbergen expeditions 1980-1982 were presented at the 
first comprehensive exhibition in the Noordelijk Scheepvaart Museum. 
To conclude, I wish to express the Arctic Centre's most sincere thanks to all 
those persons, institutions, foundations and firms who contributed to the 
succesful realization of the symposium. 
Prof. dr. A. van Marken 
Chairman of the Arctic Centre 
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WHALE BIOGEOGRAPHY AND THE HISTORY 
OF THE ARCTIC BASIN 
by 
D.M. Hopkins and Louie Marincovich Jr. 
Whales are the oldest surviving stock of marine-adapted mammals. They 
evolved in the rather unique and highly productive environment of tropical 
Tethys, a seaway that lay between western Eurasia and the encroaching 
Indian subcontinent. The early records of fossil cetaceans are entirely 
southern; whales first appear in the North Atlantic and the North Pacific in the 
Miocene. < 
The oldest known cetacean remains from the shores of Arctic Ocean consist 
of vertebrae, otherwise unidentified from the early and middle Pleistocene 
members of the Pliocene(?) and Pleistocene Gubik Formation of Alaska. 
Fossil remains identifiable at the generic level are known only from upper 
Pleistocene and Holocene deposits. These include what is probably the 
complete skeleton of a gray whale (Estrichtius) and scattered remains 
probably of a beluga (Delphinapterus?), found by L.D. Carter in the youngest 
part of the Gubik Formation near Teshekpuk Lake, northern Alaska 
(Repenning, 1983), and numerous remains of bowheads (Balaena mysticetus) 
in raised beaches of early Holocene age on southern Ellesmere Island (Blake, 
1975a). One of us (DMH) considers this part of the Gubik Formation to 
represent isotope stage 5c or 5a, which implies an age of80,000-100,000 years. 
The oldest bowhead remains at Cape Storm evidently are about 9,500 years 
old (Blake, 1975a). 
The lack of a lengthy fossil record may indicate that cetaceans were absent 
from the Arctic Basin until quite recently. More likely, the sparse record 
reflects the lack of collecting in Cenozoic marine sediments around the shores 
of the Arctic Ocean. 
The remainder of this report reviews present knowledge of whale evolution 
and then considers the limited information available concerning the paleo-
geography and paleo-oceanography of the Arctic Ocean Basin and the 
possible impact of that history upon whale biogeography and whale 
evolution. Our intention is to stimulate discussion and a more intensive 
search for fossil cetacean remains at high latitudes. 
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Whale evolution 
The earliest known cetacean fossil is Pakicetus inachus, recently discovered 
in Pakistan in fluvial sediments of early Eocene age, 50-55 million years (m.y.) 
old. Pakicetus inachus evidently was amphibious and lived in an estuarine 
environment marginal to the Tethyan Sea. The animal "was well equipped to 
feed on fishes in the surface waters of shallow seas, but it lacked auditory 
adaptations necessary for a fully marine existence" and seemingly spent time 
on land (Gingerich and others, 1983). By middle Eocene time, 40-50 m.y. ago, 
all known whales had a fishlike body and evidently were fully marine. Middle 
and late Eocene whales of the primitive suborder Archaeoceti are known 
from Egypt, Nigeria, Texas, and India (see papers quoted in Gingerich and 
others, 1983). The Archaeocetes persisted through Oligocene and into early 
Miocene time. 
The earliest known representatives of the two living Cetacean suborders, 
the Odontoceti (toothed whales) and the Mysticeti (baleen whales), occur in 
middle Oligocene rocks about 30 m.y. old (Whitmore and Sanders, 1976). 
Oligocene Cetaceans were widely distributed, but diversity was low. Fossils 
are known from New Zealand, Australia, Italy, and Germany, from Tethyan 
deposits in Austria and the Ukraine, and from South Carolina on the Atlantic 
coast and Oregon and Vancouver· Island on the Pacific coast of North 
America. Most and perhaps all of the Oligocene Odontoceti were moderate-
sized inhabitants of coastal waters. Mysticete fossils from Europe and New 
Zealand establish that the baleen-whale mode of feeding had fully evolved by 
middle Oligocene times; the Mysticetes had evidently already adapted to a 
pelagic life on the high seas. Most of the modern Cetacean families appeared 
during the Miocene, and most of the modern genera during the Pliocene 
Epoch. Modern whale species, like the modern species of most other 
mammalian groups, first appear in Quaternary deposits and thus are less than 
2 m.y. old. 
Although very few Cetacean fossils are known from the shores of the Arctic 
Ocean, historically known distributions indicate that dispersals through the 
Arctic have played a definite role in present-day whale biogeography. The 
narwhal Monodon monoceros is nearly confined to the Arctic Ocean. The 
harbor porpoise Phocoena phocoena, the beluga Delphinapterus leucas, the 
finback whale Balaenoptera physalus, the little piked whale Balaenoptera 
acurorostrata, the gray whale Estrichtius gibbosus, and the bowhead Balaena 
mysticetus all have paired North Atlantic and North Pacific populations that 
must once have merged in the Arctic Ocean (Scheffer, 1967). 
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History of the Arctic Basin 
The deep Arctic Ocean Basin has two major subdivisions, the Siberian-
American Sector, adjoining northeastern Siberia and northwestern North 
America, and the Eurasian Sector, adjoining Greenland, Svalbard, and the 
shelf seas north of Europe and western Siberia. Both sectors have oceanic 
crustal structure. They are separated by the Lomonosov Ridge, a long, 
narrow slice of continental crust (Fig. 1) . 
. ' 
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The Siberian-American sector is the older and in part represents the 
remnant of an oceanic area that was broadly connected to the Pacific Ocean 
prior to closure by continental plate movements near the end of the 
Cretaceous period, some 65 m.y. ago (Churkin and Trexler, 1981; Fujita and 
Newberry, 1982). Deep-water connections with the Pacific Ocean were never 
reestablished, and shallow-water connections were not reestablished until the 
submergence of Bering Strait during the Pliocene Epoch between 3.0 and 3.5 
m.y. ago. 
The Eurasian sector" originated as an ocean basin when the Lomonosov 
Ridge separated from Eurasia near the beginning of the Eocene Epoch about 
55 m.y. ago (Vogt and others; 1979). Some investigators (e.g., Gradstein and 
Srivasta, 1980) believe that the resulting complex of Arctic Ocean basins was 
connected with the North Atlantic Ocean""throughout Paleogene (Paleocene, 
Eocene, and Oligocene) time by way ofa seaway through Nares Strait and the 
Labrador Sea, but evidence of peculiar hydrology and biologic endemism; 
discussed below, is more consistent with the concept that the Arctic Ocean 
remained almost completely isolated throughout much of Paleogene time. 
Nannofossils in Cretaceous and Paleogene sediments recovered in cores 
from the Alpha Rise (Kitchell and Clark, 1982) (Fig. 2) show diminishing 
diversity with decreasing age, which Bukry (1982) interprets as indicating a 
progression toward either hypersaline or brackish sea-water chemistry. We 
believe that these cores record the gradual reduction of circulation from the 
Pacific Ocean as plate tectonic movements gradually isolated" the Arctic 
Basin. 
Isolation from the world ocean is also suggested by the high degree of 
endemism in Arctic marine shelf faunas of Paleocene or Eocene age. 
Foraminiferal faunas recovered from Paleocene or Eocene beds penetrated 
by boreholes onshore and offshore in the MacKenzie River delta region of 
northwestern Canada, for example, consist largely of new species and are 
difficult to correlate with faunas from lower latitudes (Young and McNeil, 
1982, p. 24). 
'Mollusk, ostracode, and foraminifer faunas from Paleocene marine beds at 
Ocean Point on the lower Colville River in northern Alaska also display a 
high degree of endemism (Marincovich and others, in press (a) and (b)). The 
age of the Ocean Point Paleogene sequence is known only within very broad 
limits. Zircon grains from a tephra (volcanic ash) layer that underlies the 
fossiliferous beds have yielded a fission-track age of 50.9 m.y. ± 7.7 m.y. 
(Paleocene to Middle Eocene) (Carter and others, 1977). The mollusk fauna is 
most similar to the fauna of the Cannonball Formation of North and South 
Dakota, thought to be of Paleocene age (Cvancava, 1966). Although lacking 









Figure 2. Paleogeography of the Arctic Basin, 38-55 m.y. ago (Paleogene) 
A-Alpha Rise 
C-Cannonball Formation 





Point and Cannonball mollusk assemblages share enough taxa with Paleo-
gene faunas in the London and Paris Basins to suggest a remote connection. 
It is most unlikely, however, that there was any direct marine connection 
between the Arctic and Atlantic Oceans during Paleocene and Eocene time. 
European and North American land-vertebrate faunas and floras display 
sufficient affinities to indicate the presence of a land connection across the 
Atlantic during Cretaceous, Paleocene, and much of Eocene time. The 
recently discovered Paleogene fossil vertebrate and plant assemblages in the 
Eureka Sound Formation on and near Strathcona and Bay Fjords, Ellesmere 
Island (Dawson and others, 1976; Estes and Hutchison, 1980; McKenna, 
1980; Hickey and others, 198"3), provide confirming evidence of the former 
existence of a high-latitude North American-European land connection. 
It seems, then, that the Arctic Ocean and its epicontinental embayment that 
extended southward across western Canada to the Dakotas was isolated from 
the Pacific and remote from the Atlantic Ocean during much of Paleocene 
time. Nevertheless, some sort of indirect marine connection is indicated by the 
Atlantic affinities of the Arctic marine mollusk faunas. The exterior 
connection, as Kitchell and Clark (1982) suggest, probably lay southward to 
Tethys by way of the Turgai Seaway across West Siberia. Thus, primitive 
Eocene whales, which certainly were present between Asia and India in the 
shrinking Tethyan Seaway, might have had access to the Arctic Ocean but 
there would have found themselves in a cul-de-sac without access to the 
Pacific Ocean (Fig. 2). 
The Paleocene nannofossil faunas indicate an open, ice-free Arctic Ocean. 
(Kitchell and Clark, 1982). The Ocean Point Paleocene mollusk fauna 
conveys little paleoclimatic information, although temperate rather than 
tropical wa tel' temperatures are suggested by low diversity; the broadly coeval 
Disko Bay fauna of West Greenland displays much higher diversity and 
probably represents tropical conditions (Rosenkrantz, 1970; Henderson and 
others, 1976). The vertebrate faunas from Ellesmere Island suggest an 
equable temperate climate without winter freezing (Estes and Hutchison, 
1980); the gymnosperm and angiosperm floras consist entirely of deciduous 
species and suggest winter darkness and dormancy (L.J. Hickey, personal 
commun., 4/83). 
Sea-floor spreading opened a deep passage separating Greenland from 
Svalbard in Oligocene time, 32-34 m.y. ago (Eldholm and Thiede, 1980). The 
initiation of a direct connection to the Atlantic probably is signaled by the 
shift from endemic to Atlantic foraminiferal faunas within the Kugmallit 
Formation (Oligocene) of the Mackenzie Delta region (Young and McNeil, 
1982). 
A widespread and probably synchronous sea-level transgression in the 
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Arctic Basin is recorded by Neogene marine beds in the Beaufort Formation 
on Meighan Island, Canadian Arctic Archipelago (Matthews, (976), by the 
Mackenzie Bay Formation of the Mackenzie Delta region (Young and 
McNeil, (982), by the Nuwok Member of the Sagavanirktok Formation of 
northeastern Alaska (MacNeil, 1957; Detterman and others, (975), and by a 
thin sheet of Miocene marine sediment recently discovered at Skull Cliff in 
northwestern Alaska (J.K Brigham and KA. McDougall, personal com-
mun., (983) (Fig. 3). Age estimates for these beds range from Oligocene 
(Young and McNeil, 1982) to Pliocene (Bergquist in Detterman and others, 
(975), but plant and insect remains in associated nonmarine beds suggest that 
the marine tongue in the Beaufort Formation is of middle or late Miocene age 
and older than 8 m.y. old (Hills and Matthews, 1974; Matthews, 1976). If we 
are correct in assuming tha t these widely distributed Neogene marine deposits 
are synchronous, then they probably represent the peak Miocene trans-
gression of Vail and Hardenbol (1979) which took place about 13 m.y. ago. 
The Arctic Miocene mollusk faunas are Atlantic in character and indicate 
that a connection to the Pacific Ocean by way of Bering Strait had not yet 
come into existence. Furthermore, the western islands still must have been 
connected to the mainland (e.g., by Contra Kerr, 1980) judging from the 
presence of pebbles derived from the Canadian Shield in alluvial gravel in the 
Beaufort Formation (Tozer and Thorsteinsson, 1964; Contra Kerr, 1980). 
Middle and late Miocene climates around the shores of the Arctic Ocean 
were relatively mild. Middle Miocene forests of Picea. Pinus (two species), 
Tsuga. Metasequoia. Juglans cine ria. Carya. Tilia. and Alnus in the Beaufort 
Formation at Lat. 74° N. on northwestern Banks Island gave way in the late 
Miocene to a more taiga-like assemblage consisting of Picea. Pinus. Larix and 
Tsuga interspersed with abundant Ericaceae (Hills and Matthews, 1974). The 
taiga-tundra ecotone lay on Meighen Island at Lat. 80° N. (Matthews, 1976). 
The perennial ice cover had not yet developed, and it is unlikely that the 
Arctic Ocean was even seasonally frozen. A small species of the bivalve 
Arctica characterizes the molluscan fauna of the Nuwok Member of the 
Sagavanirktok Formation (MacNeil, 1957), and the same species, or one very 
similar, dominates the small molluscan assemblage examined by one of us 
(LM) from the marine tongue in the Beaufort Formation at Lat. 80° N. on 
Meighen Island. Arctica now reaches its northern limit at Lat. 67° N. in the 
ice-free waters of the northwestern Atlantic Ocean. The Arctic Ocean was 
certainly accessible to and habitable by North Atlantic whale populations in 
the late Miocene, but it continued to be a biogeographic cul-de-sac. 
Dispersals between the Atlantic and the Pacific Oceans took place elsewhere, 
e.g., by way of the Panamanian Seaway, which continued to separate North 
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Fig. 3.1 Paleogeography of the Arctic Basin 13 tn.y. ago (Miocene) 
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The isolation of the Arctic Ocean from the North Pacific came to an end 
with the submergence of the Bering Land Bridge between 3.0 and 3.5 m.y. 
ago. By this time, rifting seems to have separated all of the islands of the 
Canadian Arctic Archipelago. Before another half million years had passed, 
the Isthmus of Panama became completely emerge~t, cutting offlow-Iatitude 
connections between the Atlantic and the Pacific Oceans. From this time 
forward, Bering Strait, and the Arctic Ocean became the unique but 
intermittent avenue for marine dispersals between the North Atlantic and the 
North Pacific Oceans. 
An estimate of the time of opening of Bering Strait depends upon several 
lines of indirect evidence: 
(1) Marine sediments of the Yakataga Formation on the Pacific coast of 
southern Alaska have yielded fossil remains of Pusa. an arctic seal of Tethyan 
and ultimate Atlantic origin. The seal remains were found 180 m below beds 
containing a diatom flora estimated to be between l.8 and l.1 m.y. old 
(Repenning, 1983). 
(2) The presence of similar mollusk faunas in deposits of the Beringian 
transgression at St. George Island and Nome to the south and at Kivalina and 
Skull Cliff to the north indicates that Bering Strait was open at least 2.2 m.y. 
ago (Hopkins, 1967) (Fig. 4). 
(3) A flood of marine mollusks of boreal Pacific ancestry appear at Tjornes, 
northern Iceland, in beds about 3.5 m.y. old (Einarsson and others, 1967; 
Gladenkov, 1979). The precise nature of the events at Bering Strait that led to 
this event in Iceland has yet to be worked out. Clues are provided by marine 
geological studies indicating that the Norton Basin to the south and the Hope 
Basin to the north were sites of ongoing tectonic down-warping throughout 
much of Tertiary time (Fischer and others, 1982; Eittreim and others, 1979). 
Bering Strait, floored by hard, crystalline rocks (Grim and McManus, 1970), 
clearly was and still is tectonically relatively high. A possible scenario might 
involve the development, during Miocene and Pliocene time, of a major 
stream valley draining from the Hope Basin across this tectonic high to a 
lower-lying Norton Basin. Tectonic movements in concert with the peak 
Pliocene marine transgression, which, however, Vail and Hardenbol, 1979, 
place at about 5 m.y. B.P., may have submerged this ancestral valley to form 
the Bering Strait. 
Whatever the cause, the Arctic Ocean has functioned during the last three 
million years as the sole avenue of marine communication between the North 
Pacific and North Atlantic Oceans. It has functioned only at times when 
sealevel was high enough to drown Bering Strait, thus presumably only 
during interglacial episodes. Glacial episodes have been intervals of lowered 
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North Pacific-North Atlantic marine communication. 
How many of these high-sea-level episodes occurred when the Arctic Ocean 
was free of perennial sea ice? Opinions differ drastically, reflecting the 
dubious geochronology, the sparse faunas, and the ambiguities of lithologic 
intet:pretation of the few, decades-old deep-sea cores that have been available. 
D.L. Clark and his co-workers stoutly maintain that their study of the cores 
indicates that the Arctic Ocean has remained frozen for a period much longer 
than 3 m.y. (e.g., in Clark, 1982); Y. Herman and her co-workers maintain 
with equal vehemence that analysis of the cores shows that the Arctic Ocean 
has been perennially ice covered only during the last 0.7 m.y., that the ice 
cover was seasonal between 0.7 an 2.5 m.y. ago, and that the Arctic Ocean was 
open prior to 2.5 m.y. ago (e.g., Herman and Hopkins, 1980). 
Both Clark and Herman base their age estimates mainly upon inadequately 
documented and very noisy paleomagnetic data thought to show that the 
cores provide a 5.5 million-year record of Neogene sedimentation. Research 
in progress by G.L. Miller (University of Colorado) and Hans-Petter Sejrup 
(Bergen University) on amino-acid ratios in planktic foraminifera tests from 
the Arctic Ocean cores cast doubt upon this chronology. Racemization ratios 
for monospecific samples consisting of several tens of individual tests vary 
erratically rather than increasing down-hole, suggesting that large numbers of 
redeposited foraminifera may be present in these glaciomarine sediments. 
The most highly racemized samples studied thus far have racemization ratios 
that suggest ages no greater than a few hundreds of thousand and possibly as 
little as a few tens of thousands of years (G.L. Miller and H.-P Sejrup, 
personal commun., 1983). Perhaps we will find that the Arctic Ocean cores 
provide a highly detailed history of events during the last glacial cycle rather 
than a very compressed record of events that spanned the entire Pliocene and 
Pleistocene epochs. 
Although the Arctic Ocean cores available at present may provide little 
information about the long-term history of the Arctic Ocean ice cover, some 
inferences can be drawn from onshore paleobotanical studies and studies of 
glacial geology. A lack of evidence, as we interpret the literature, of extensive 
middle and late Pleistocene glaciation over the northwestern Canadian Arctic 
Archipelago and the evidence of pronounced asymmetry of middle and late 
Pleistocene glaciation on the north and south flanks for Alaskan mountain 
ranges indicates that the Arctic Ocean was an insignificant moisture source 
and thus probably perennially frozen during most, if not all, of the last several 
hundred thousand years. At some earlier time, however, continental glaciers 
covered northern Greenland (Hjort, 1981; Schytt and others, 1982), large 
areas on Ellesmere Island (England and Bradley, 1978), and most of Banks 
Island (Vincent, 1982, 1983) (Fig. 5). An ice cap over the Chukotka Peninsula, 
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Fig. 5. Important Early Quaternary Arctic glacial and interglacial localities 
P~Prudhoe Soy 
SkwSkull Cliff 
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northeastern Siberia, extended westward across Anadyr Strait to St. Lawren-
ce Island (Hopkins and others, 1972) and across northwestern Bering Sea to 
within 100 km of the Seward Peninsula coast of mainland Alaska (Nelson and 
Hopkins, 1972). Alpine glaciers extended north of the Brooks Range in 
northern Alaska (Hamilton and Hopkins, 1982). Northern glaciers of these 
magnitudes seem to require a northern moisture source; they suggest that 
prior to middle Pleistocene time, the Arctic Ocean was at least seasonally 
open, even during glacial intervals. 
The state of the ice cover during interglacial intervals is, however, of greater 
potential significance for whale biogeography. It seems likely that a perennial 
ice cover has been present over the central Arctic Ocean throughout Holocene 
time. Arctic land climates were warmer, however, between 13,500 and 8,500 
years ago in Alaska and northeastern Siberia, areas were not influenced by the 
Laurentide ice cap persisting over northern Canada (Hopkins, 1982). 
Massive, pumice-rich storm beaches in the Canadian Arctic Archipelago 
(Blake, 1975B) and Spitsbergen (Blake, 1961) seem to record more open water 
and thus greater wave fetch during summers 6,500 to 5,000 years ago. 
Abundant driftwood on uplifted beaches 6,500 to 4,000 years old have similar 
implications (Blake, 1972; Stewart and England, 1983). 
The last interglacial interval, about 125,000 years ago, was also a time of 
less ice-bound coasts and warmer summer water temperatures, judging from 
the abundance of extralimital mollusk species in fossil faunas of Eemian age 
from northern Russia, northwestern Siberia, and northern Alaska (Troitskiy, 
1974; D.M. Hopkins, unpublished data). Middle Pleistocene marine mollusk 
faunas, however, suggest a water and ice regime much like the present one. 
Marine ostracodes and benthic foraminifera now confined to North 
Atlantic waters have been recovered in boreholes on the Beaufort Sea shelf 
near Prudhoe Bay (P.A. Smith, K.A. McDougall, and E. Brouwers, personal 
commun., 1983). The Atlantic micro-organisms appear in marine silt and clay 
dating from both the last and from earlier interglacials. These finds may 
indicate that during certain interglacials, the cold, saline Atlantic water mass 
lay nearer the surface than at present. If so, then the surficial low-salinity 
layer, which is in part an effect of the sea ice, may have been thinner. Possibly 
the sea ice, itself, was either thinner, more restricted in distribution, or of 
seasonal occurrence during the Eemian and some earlier interglacials. 
Arctic and Subarctic marine faunas of Pliocene and early Pleistocene age 
suggest a considerably less severe ocean climate and a much more moderate 
sea-ice regime. Liltorilla. an intertidal snail now limited to ice-free waters, is 
found in marine deposits of early Pleistocene age at Nome, California River, 
Skull Cliff, Fish Creek, and Carter Creek in western and northern Alaska. 
Macoma balthica is found far north of its present range in interglacial deposits 
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probably of early Pleistocene age at Kap Kopenhagen, northernmost 
Greenland (Schytt and others, 1982). 
At Ocean Point, northern Alaska, marine deposits dating from late 
Pliocene or earliest Pleistocene times have yielded the remains of a primitive 
Enhydra (sea otter) and Pagophilus cf. P. groenlandica (North Atlantic Harp 
Seal) (Repenning, 1983). The living sea otter lacks adaptations for surviving 
in ice-covered waters and established populations now live only to the south 
in areas where near-shore waters remain open throughout the year. The 
Ocean Point fossil may represent an individual that strayed from more 
southern waters or it may represent a not-yet fully-marine ancestral otter that 
foraged on land in winter. However, the presence of the harp seal, now 
confined to North Atlantic waters, suggests that when the bone-bearing beds 
at Ocean Point were accumulating, passages through the channels in the 
Canadian Arctic Archipelago were more open and less ice-bound than at 
present. Pollen in the bone-bearing Ocean Point sequence records a Pinus-
Picea-Populus forest in what is now a region of low-arctic tundra (Nelson, 
1981), confirming that the nearby Arctic Ocean must have been at least 
seasonally ice-free. 
These paleoclimatic and paleo-oceanographic inferences suggest that the 
Arctic Ocean probably offered an equable avenue of dispersal between the 
North Atlantic and the North Pacific Oceans during non-glacial and 
interglacial intervals between 3.5 and 1.0 m.y. ago. One might expect that in 
the time that has elapsed since the dispersals that were possible at these early 
times, descendant populations should have evolved into sympatric pairs of 
species within single genera. Because all of the closely related cetacean 
populations in the two oceans are, in fact, conspecific, they must have 
continued to maintain intermittent contact during middle and late Quaterna-
ry time. Whales have evidently continued to disperse between the North 
Atlantic and North Pacific Oceans during the last interglacial, 125,000 years 
ago, and probably also during the earliest, warmest part of the present. 
interglacial, about 8,500 to 13,000 and 6,500 to 4,000 years ago. 
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ARCTIC CLIMATE: PAST, PRESENT AND FUTURE 
by 
P.M. Kelly, J.H.W. Karas and L.D. Williams 
Introduction 
The Arctic is considered to be particularly sensitive to climatic variation. 
Changes in climate occur on all time scales and the variability of many 
climatic parameters is at a maximum in higher latitudes. Variations in the. 
character of both the atmospheric and oceanic circulations occur and are 
accompanied by changes in atmospheric and sea-surface temperatures, 
precipitation, salinity, sea-ice conditions, and so on. These fluctuations have 
long been known to those who live or seek a livelihood in polar regions. 
Varying environmental conditions can favour or hamper human activity 
directly or indirectly, through their impact on the flora and fauna. At the 
present time, increasing interest in the exploitation of Arctic mineral 
resources is stimulating much research concerning the polar environment. 
In this paper, a brief summary of the factors which shape the weather and 
climate of the Arctic is given and the use of historical whaling records to 
reconstruct past sea-ice conditions is discussed. A chronology of the major 
high-latitude climatic events of the present millenium provides a context for 
studies of the historical development of whaling. Finally, the potential for 
long-term climate prediction is assessed. Environmental considerations, 
including the possibility of climate change, should influence management 
decisions concerning Arctic resources such as the whale. 
Arctic climate 
The climate of the Earth is shaped by regional, mostly latitudinal, 
imbalances in the input of energy from the Sun and by the redistribution of 
this energy by the circulation of the atmosphere and oceans. Greater heating 
at low latitudes results in a pressure gradient between low and high latitudes. 
This causes a tendency for poleward flow of air which is distorted by the 
Earth's rotation, inter alia, such that in middle latitudes the flow is largely 
zonal, from west to east. This westerly flow is disturbed by mountain barriers 
and other features of the Earth's surface and takes the form of a series of 
waves at height in the atmosphere. The winds meander around cold troughs 
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extending south from polar regions and relatively warm ridges which push 
northwards. It is the upper air flow which steers the surface cyclones and 
anticyclones which are responsible for much of the character of the weather 
and climate in middle and higher latitudes. 
The radiational imbalance between the equator and poles is then the 
driving force behind the atmospheric circulation which, with the current 
system of the oceans, attempts to redress the energy imbalance by the 
transport of heat and moisture. Within this general framework, each region 
has its individual climatic character. The main factors which shape the 
climate of a region such as the Arctic can be conveniently summarised as 
geography, the nature of the local energy balance, and the local atmospheric 
and oceanic circulations. 
As far as the climate of the Arctic is concerned, the main geographical 
feature of note is the largely ice-covered sea, surrounded on most sides by 
land. The ice pack has a high reflectivity so that, depending on the time of year 
and other factors, some 60 to 90 per cent of the incoming radiation is reflected 
away. Over open ocean, the proportion lost is generally much less and the lack 
of ice cover also means that heat can be made available to the atmosphere 
from the ocean itself. A significant amount of heat enters the Arctic Ocean via 
ocean currents and, in effect, through the transport of ice out of the Arctic 
Ocean. The ice cover of the Arctic varies greatly, from year to year and on 
longer time scales. These changes are accompanied by pronounced alter-
ations in the local energy balance and contribute to the sensitivity and high 
variability of high-l a titude climate. During certain times of the year, there is a. 
strong thermal contrast between the ice-covered ocean and the adjacent 
landmasses. The land heats up rapidly during the summer months whilst the 
ocean remains relatively cold and the resulting thermal gradient stimulates 
the development of cyclonic storms. Finally, the height of the Greenland ice 
mass is an important geographic feature as this and, to a lesser extent, other 
mountainous areas affect the flow of the winds in the lower layers of the 
atmosphere. 
In the early years of the present century, it was believed that the 
atmospheric circulation of the central Arctic was usually dominated by an 
area of radiationally-maintained high pressure. As the polar observational 
network improved, it was realised that this was not the case; the area often 
being invaded by cyclones from middle latitudes. These advect warm air and 
some moisture into the Arctic and variations in their frequency of occurrence 
can be responsible for major changes in polar climate. Ocean currents, which 
are largely wind-driven, also bring heat into the region, particularly in the 
North Atlantic sector and, to a lesser extent, through the Bering Strait. The 
main flow of water and ice out of the Arctic occurs east of Greenland. The 
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presence of both cold southward-flowing and warm northward-flowing 
currents in the relatively restricted area of the Greenland and Barents Seas 
makes this region very active climatologically. Variations in the strength or 
location of these currents may be responsible for changes in sea surface 
temperature patterns and these may affect the local atmospheric circulation. 
The sea-ice distribution in this area is also very dependent on the character of 
these ocean currents. 
Variations in climate occur when the Earth's energy balance is disturbed by 
external forcing, such as changes in the amount of solar energy reaching the 
top of the atmosphere, or by internal mechanisms, such as alterations in the 
pattern of snow and ice distribution which may affect the amount of heat 
available to the atmosphere at the Earth's surface. This topic is discussed 
further in a later section. 
Evidence of past climatic change 
The main concern of this paper is with recent climatic change, that is, that 
which occurred during the present millenium. The evidence of the great 
climatic shifts from glacial to inter-glacial conditions will not be considered. 
Instrumental observations of weather and climate have only been collected 
for some two to three centuries and relatively long records are only available 
for a few locations. The global observational network only extends back four 
to five decades. Information concerning climatic change during the pre-
instrumental era can be reconstructed from a variety of geological, chemical, 
biological and historical sources (Wigley et aI., 1981). Glacial deposits can be 
dated and reveal information about the advance and retreat of the glaciers 
that formed them. Much work has been done on the chemical composition of 
high-latitude ice cores, particularly from Greenland. Tree rings provide a 
valuable source of we11-dated evidence of past climatic conditions. Pollen 
profiles, taken from sediments on land or under water, reveal periods of past 
vegetation change which, with care, can be interpreted in terms of climatic 
fluctuation. Historical, or documentary, evidence is a rich source of 
information about the climate of the era immediately prior to the develop-
ment of the modern instrumental network of weather stations. 
All indirect or proxy measures of past climate are prone to error and 
misinterpretation and should be used with care. One source of error lies in the 
difficulties that are frequently encountered in dating proxy data accurately. 
Moreover, such data may only be representative of conditions in their 
particular region and will almost certainly only represent a narrow facet of 
climatic change. For example, many of the types of proxy data cited above are 
only indicative of summer conditions, usually temperature. It is, therefore, 
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unwise to accept the results of climate reconstruction exercises uncritically. A 
review of the different types of indirect climatic indicators, their applications 
and limitations, has been given in Wigley et al. (1981) which also contains 
much discussion of the use of historical sources of climatic information. 
One particular example of the use of historical information will be given 
here. Whaling records provide a wealth of material concerning variations in 
many aspects of the climate system. Perhaps the most reliable data, because of 
its intrinsic relationship with the success and survival of the expeditions, 
concerns sea ice. Kugler (this volume) reports on an extensive investigation of 
records for the Alaskan sector which has resulted in a valuable extension of 
the sea-ice record for this area back into the nineteenth century. Dunbar 
(1967, 1972) has used whaling records to derive information about sea-ice 
limits west of Greenland and in the Bering Sea for various intervals during 
recent centuries. 
Comparing Baffin's progress northwards up the west Greenland coast in 
1616 with whalers' reports from the nineteenth century and modern aerial 
observations, Dunbar (1972) finds that the nineteenth century estimates of 
clearance dates are two to three weeks later than Baffin's earlier dates (after 
correcting for the change in the calendar) and about one month later than 
more recent estimates. Inevitably, there are difficulties in such comparisons: 
different types of ship were involved, the interests of the expeditions were 
different, and so on. Nevertheless, analyses such as these do suggest that 
significant changes in ice conditions have occurred in that area .. 
In an earlier study, Dunbar (1967) considered varying sea-ice conditions in . 
the Bering Sea. During the second half of the nineteenth century, whales were 
caught at the ice edge in this area and in open water within the ice pack. The 
whalers would follow the ice margin as it retreated northward during the 
spring and many observations were taken during these voyages. Much of this 
information was compiled, more or less at the time, by Dall (1882) and Page 
(1900) .. Figure I shows a comparison of April ice limits for the 1870s and 
1890s based on whaling observations, and for recent decades based on 
modern observational material. Unreliable information noted by Dunbar has 
been omitted from the chart. Two limits are presented for the recent period: 
the extreme southward extent and the average limit of ice of concentration 
1110. We have used unpublished limits prepared in the Climatic Research 
Unit rather than those used by Dunbar. 
The nineteenth century data bracket the recent southward extreme but lie 
south, for the most part, of the recent average limit. Dunbar (1967) describes 
the nineteenth century limits as average positions rather than extremes and, 
given this interpretation, the whaling data suggest more severe conditions 
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Fig. I Comparison of April ice limits in the western Bering Sea based on late nineteenth 
century whaling records and modern observations. Limits for the 1870s (broken line) and 
1890s (solid line) were extracted from Dunbar (1967). The recent average I(chained line) and 
extreme (dotted line) limits are based on unpublished data for the period 1953-1982. 
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the end of the ice season and the start of ice break-up in this area in recent 
years, and these results suggest that break-up occurred later during the late 
nineteenth century, most notably in the east of the region. This is evidence of a 
shift in the seasonal characteristics of the ice cycle of formation and decay 
and, as such, indicates an important change in the energy balance of the area 
and, quite likely, its climate. 
The interpretation of the nineteenth century data is, however, problematic. 
The observations were not taken regularly or systematically. They must have 
been scattered in both space and time and it is debateable whether or not such 
data can be used to derive meaningful average sea-ice limits. It is quite likely 
that the observations are biased towards severe, rather than light, ice 
conditions as these would have been of greater concern to the whalers. 
According to Dunbar, all the available data were averaged to produce the 
limits shown in Figure I. We suspect, however, that, contrary to Dunbar's 
interpretation - although in keeping with the cautious tone of her discussion 
-the nineteenth century limits may be more indicative of extreme rather than 
average conditions. In which case, there is little difference between the recent 
and nineteenth century limits. To resolve this problem, it is necessary to 
return to the original data sources. 
As Dunbar notes, data such as these need to be handled carefully to 
minimise the effects of the errors and ambiguities which can plague this type 
of anecdotal evidence. It is, however, clear that much valuable information 
exists in the mass of whaling records. The time and patience needed to extract 
all references to sea-ice conditions, and weather and climate in general, from. 
surviving whaling records is great. It may be that undertaking regional studies 
designed to address particular questions rather than access all environmental 
information would be the most efficient approach. 
Climatic change during the present millenium 
Much of the information presented here concerning the climate of the 
earlier centuries of this period is taken from a recent review of the subject 
undertaken by Williams and Wigley (1983). They concern themselves, for the 
most part, with the record of summer temperature for the North American, 
North Atlantic and European sectors of the Arctic. The reader is referred to 
Williams and Wigley (1983) for a detailed discussion of their sources of data. 
The record of Arctic climate during the period of instrumental climate 
records since about 1881 is extracted from Kelly et al. (1982). Further details 
have been taken from Lamb (1977) which contains much background 
information. 
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During the tenth, eleventh and twelfth centuries, climate improved 
throughout much of the North American and Greenland sectors of the Arctic. 
This was part of a more widespread episode of climatic amelioration that 
affected a fair proportion of the Northern Hemisphere and reached its peak in 
the medieval warm epoch or "Little Optimum". Regional patterns of climatic 
change were more complicated during the following three to four centuries. 
There is some evidence of cooling but the most certain feature of this period is 
warmth in the eastern Canadian Arctic during the fifteenth and early 
sixteenth centuries. Archaeological data from Greenland suggests that this 
warmth extended eastwards affecting the burial conditions of Viking settlers 
there. There is also evidence, based on the ability of Russian ships to sail along 
the northern European coast to the Kara Sea, of warmth in the European and 
western Siberian sector of the Arctic during the sixteenth century (Lamb, 
1977, p. 465). The remainder of North America and much of Europe was, 
however, notably cold or cooling during this period. Sailing routes in the 
North Atlantic sector were increasingly affected by ice and shifted south 
(Lamb, 1977, p. 453). 
General cooling led up to the most severe phase of the "Little Ice Age" 
which reached its peak during the seventeenth century in most areas. In the 
North American and Greenland sectors, a double minimum in summer 
temperature occurred between 1620 and 1710. This was a time of generally 
harsh climatic conditions although, even so, warm years and decades did 
occur. For example, Ogilvie (1983), in a re-assessment of the historical data 
base for Iceland, has shown that the period 1640 to 1670, immediately prior to 
the most severe phase of the Little Ice Age in Europe (the 1690s), was notably 
mild with relatively little sea ice. The spatial patterns of climatic change can be 
complex. Climatic variation may affect different regions in different ways and 
at different times. It is, therefore, dangerous to rely on a simple hemisphere-
wide, or even Arctic-wide, model of climatic history. 
The eighteenth and nineteenth centuries were, it is believed, times of slow 
climatic amelioration punctuated by short, and sometimes, severe cooling 
episodes. A particularly harsh period occurred in northern Europe about 
1800. The fjnal phase of the recovery from the Little Ice Age is shown in figure 
2. Surface air temperatures in Arctic regions rose during the early decades of 
the twentieth century, reaching a peak around 1940. The warming was most 
marked in winter and in the regions of the Kara Sea and northwest 
Greenland. Succeeding decades were characterised by cooling in many areas 
and temperatures reached a temporary minimum in the 1960s. Since that 
time, they have begun to rise again reaching values typical of the late 1950s in 
recent years. This second warming, although not yet sufficiently well-
established to be considered a major long-term climatic change, has been 
most marked in the Kara Sea and Alaskan regions. 
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Fig. 2 Annual temperatures (degrees Celsius) for a) the Northern Hemisphere and b) 
Arctic regions. The data are expressed as departures from the 1946-1960 reference period 
means and have been smoothed to reveal the long-term variations. These large-scale 
a verages are mostly representative of conditions of the landmasses of the areas and the 
reliability of the estimates decreases in the earlier years. The sources of these data and their 
limitations have been discussed by Kelly et al. (1982). 
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Variations in Arctic-wide sea-ice extent during recent decades have been 
considered by Walsh and Johnson (1979). Their analysis shows minimum ice 
extent in the early 1960s then a rapid increase during the mid-1960s, following 
the general course of the atmospheric temperature trends. A decline in extent 
occu'rred during the 1970s. For earlier periods, it is necessary to resort to the 
use of regional or point estimates of sea-ice conditions; none of which can be 
considered to be necessarily representative of conditions elsewhere in higher 
latitudes. The spatial patterns of change in sea-ice extent are complex, being 
affected by the characteristics of the seasonal movement of the ice margin. 
Perhaps the best-known of the longer, historical records is that for Iceland 
compiled by Thoroddsen (1916/17), Koch (1945) and later revised and 
updated by various investigators. The more reliable portion of this record 
(Fig. 3) shows the retreat of the seasonal ice margin away from Iceland during 
the early twentieth century at the time of atmospheric warming and its return 
during recent decades. A similar, although shorter, period of relatively ice-
free conditions occurred in the mid-nineteenth century. 
The Future 
The record of climatic change during the current interglacial suggests that 
the variations of the present century, in particular, the marked warming seen 
in figure 2, could well be without parallel during the last 5,000 years or so. 
Data for recent decades indicate that the warming of the early twentieth 
century may not be over, as many scientists believed during the cooling of the 
1950s and 1960s. Are we seeing a temporary halt in the cooling which will 
soon be re-established or will the warming continue? To answer this question 
it is necessary to consider the state of knowledge concerning the causes of 
climatic change, for reliable prediction must be based on thorough under-
standing of the physical processes that are involved. 
It is generally accepted that a proportion of the variations seen in the 
temperature records shown in figure 2 was caused by variations in the degree 
of explosive volcanic activity. Explosive eruptions input a large quantity of 
dust and gas into the upper atmosphere and this may remain for months to 
years. This dust and the aerosols which develop from the gas injection can 
significantly alter the energy balance of the Earth producing warming in the 
upper layers of the atmosphere and cooling at the Earth's surface (Newell and 
Deepak, 1982). The volcanic "veil" reduces the amount of solar energy 
reaching the Earth's surface. Empirical studies, confirmed by theoretical 
modelling experiments, have shown that individual eruptions can cause a 
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years. Although the evidence is less convincing because of the limited amount 
of data available, itis believed that changes in the frequency oflarge explosive 
eruptions may produce longer lasting effects. For example, the warmth ofthe 
early twentieth century occurred at a time oflow volcanic activity apparently 
unparalleled in recent centuries. 
The warming of the 1920s and 1930s and of recent years could also be a 
result of Society's actions in polluting the atmosphere with carbon dioxide, 
deforestation and changing land use. In this way, Mankind is causing a 
notable rise in atmospheric carbon dioxide levels which threatens to result in a 
major climatic change (Kellogg and Schware, 1981). Numerical models of the 
climate system predict that if the amount of atmospheric carbon dioxide 
doubles then the world will warm by 2 to 3 degrees Celsius. This is because 
carbon dioxide allows solar energy to pass through the atmosphere to the 
Earth's surface, while trapping the longer wavelength terrestrial radiation 
which would otherwise have escaped to space. As carbon dioxide levels rise, 
this "greenhouse" effect is increased and warming occurs at the Earth's 
surface. The uncertainty surrounding estimates of the magnitude of the 
"carbon dioxide problem" is great, but most climatologists agree that it is a 
cause for concern. Recent work has shown that a combined model of changes 
associated with the varying level of volcanic activity and atmospheric carbon 
dioxide can provide a reasonable simulation of the observed temperature 
record forthe past 100 years (Hansen et ai., 1981). The model suggests that the 
observed record should be interpreted as slow carbon-dioxide-induced 
warming punctuated by periods of volcano-induced cooling (Fig. 2). 
The Arctic is likely to experience the greatest climatic impact caused by 
carbon dioxide increases and may be affected by another societal action. In 
order to reduce water shortages in Kazakhstan and Central Asia, the USSR 
plans to divert substantial quantities of water away from the Arctic Ocean by 
transfers from major northern Eurasian rivers (Kelly et ai., 1983). Because the 
freshwater injection from these rivers plays a major part in determining the 
current structure and water-mass characteristics of the Arctic Ocean and its 
marginal seas, any discharge reduction could affect the oceanography, ice 
cover and, possibly, climate of the region. While substantial transfers are 
many years away and assessment of the environmental risks involved is 
nowhere near complete, this possible source of climatic change adds another 
element of uncertainty in attempts to predict climate. 
In fact, it is unlikely that understanding ofthe causes of climatic change will 
ever be sufficient to support reliable climate prediction on the 10 to 50 year 
time scale. Indeed, when it is realised that such forecasts will probably require 
prior predictions of the level of explosive volcanic activity, inter alia, the 
magnitude of the problem is clear. Nevertheless, useful information can be 
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provided concerning the potential range of future climatic variation. By 
examining the longest possible climate records, the range of conditions 
experienced in the recent past can be determined. Given the rate of current 
climatic change, it is reasonable to assume that this range will encompass the 
fluctuations likely to occur over the next 10 to 50 years. The longer the records 
that are available, the more likely it is that estimates made in this way will be 
reliable. The importance of extending climate records back in time, using 
sources such as historical whaling material, is clear. 
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ON THE PRESENT STATE AND THE FUTURE FATE 
OF 
THE ARCTIC SEA ICE COVER 
by 
Torgny E. Vinje 
The present sea ice conditions in the Arctic are discnssed with 
particular reference to the Atlantic approach. Various features are 
considered against the background of previous and new observations. 
Measurements suggest an average thickness between 4 and 5 meters of 
the sea ice passing through the Fram Strait. Buoy drift data from the 
strait over the past six years suggest an average outflow of ice of about 
0.8 mill. km' per year. 
The fate of the Arctic sea is briefly discussed. Models suggest that a 
series of simultaneous changes in the atmospheric and oceanographic 
circulation patterns would be necessary for a natural removal of the ice 
cover. Most model simulations suggest a global average temperature 
increase of 0.5° to 30e when the carbon dioxide concentration is 
doubled. Similar global temperature increases, however, existed for 
long parts of the interglacial periods without any drastic effect on the 
multiyear ice cover in the Arctic Ocean. 
Interannual variability 
Within the frame of natural variations of the climate there seems to be 
room for a considerable interannual variation in the sea ice extent. This is 
indicated from proxy data as wel1 as from aircraft and satel1ite observations 
during the last decades. Walsh and Johnson (1979) investigated the temporal 
and spatial fluctuations of sea ice for a period of25 years (1953-1977). They 
found that the general minimum of iciness in the early 60's was fol1owed by a 
fairly sharp increase during the mid-1960's. They concluded that the trend of 
the total Arctic ice extent computed from the 300-months sample is positive, 
equal to 3.14 X 103 km2 year-I, and statistical1y significant. The only area in 
which the ice extent has decreased substantial1y is the Barents Sea. They also 
found that the dominant spatial mode of ice variability is an asymmetric 
mode in which the North Atlantic anomaly is opposite to the anomaly over 
the remainder of the polar cap. Sanderson (1975) considers the variation of 
the Arctic sea ice for the period 1966 to 1974. He finds, for instance, that in 
practical1y every region, heavy ice conditions are associated with winds from 
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a north or north-westerly direction. The variability of the total area is usually 
less than 10%. Vinje (1977a and 1981) has studied the variability in the 
Greenland, Iceland and Barents Seas for the period since the coming of the 
satellites. He finds a close relation between the deviation from the monthly 
mean ice distribution and the corresponding deviation from the monthly 
mean air pressure in all parts of the region. The fairly rapid improvement of 
the sea ice conditions north and east of Iceland from 1968 to 1971, for 
instance, corresponds with a marked intensification of the Icelandic Low over 
this period. A similar connection between the ice conditions north of Iceland 
and the low pressure centre to the south has for previous periods been 
demonstrated by Bj01'llson (1969) and Jakobsson (1969). 
The surface circulation in the Greenland Sea Gyre may at times be reflected 
in the sea ice distribution in a very spectacular way (Fig. I). This was the case 
in March-April 1970 and 1979 and in January-February 1981. It is found that 
the extra-ordinary distribution for all years is coincident with a marked 
intensification of the cyclonic atmospheric circulation in the Norwegian-
Greenland Seas. This suggests simply that extreme developments of the sea 
ice distribution in this area may occur when the cyclonic circulation in the 
Gyre is stimulated by an intensification of a similar circulation in the 
atmosphere (Vinje 1983). It has been shown by Aagaard (1970) that wind 
transport computations for the Greenland and Norwegian Seas during 1965 
result in an annual mean oceanic circulation scheme which quantitatively 
resembles the known circulation in this area. 
Thickness distribution 
The structure of the sea ice cover in the Arctic undergoes large seasonal 
variations, particularly in the marginal seas. The subsurface morphology has 
been observed from submarines (e.g. Swithinbank 1972, Hibler 1979 and 
Wadhams 198Ia). An example of the under surface profiles given by 
Swithinbank is reproduced in figure 2, and a compilation of sea ice thickness 
as observed from submarines is reproduced in figure 3. The observed 
distribution of the sea ice thickness (Fig. 3) indicates a relative accumulation 
of ice north of Greenland and the Canadian Archipelago and this reflects the 
. effect of the average drift of ice across the Polar Ocean towards these areas 
(Fig. 5). 
There are few measurements of the ice thickness distribution in the 
Greenland Sea. According to a submarine transect in October 1976 (Wad-
hams 1981a) the mean thickness (ice draft X 1.12) varied from 6-7 m near the 
coast of Greenland to 3.45 m in the marginal area of the Fram Strait. 
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Fig. I Maximum and minimum sea ice distribution in the Iceland, Greenland and Barents 
Seas as observed during the two periods 1853-1875 and 1953-1975. (After Vinje 1976). 
-.- : 10-20 April 1966, ---- : 10-20 April 1968, __ : 1-10 April 1970 and ..... : Ship 
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Fig. 2 Features of the underside of the ice as observed from a submarine at 870 N ,06oE. 
(After Swithinbank 1972). 
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Fig. 3 Ice thickness contours (in metres) as obtained from submarine observations. Solid 
lines are from composite analysis of both summer and winter data, whereas the dashed 
contours are from April 1977. (After Hibler 1980). 
Measurements from LANCE in July 1981 and in 1982 of even ice in the sea ice 
margin in Fram Strait yielded averages of 3.7 and 3.2 m based on 23 and 110 
drillings, respectively. Statistical calculations indicate standard deviations of 
0.5 and 0.2 m, respectively, while sonar profiles may have an uncertainty of 
0.2 to 0.4 m according to Rothrock (1981). The contribution to the mean ice 
thickness from ridged ice, he' can be estimated from 
he = I01TMh: 
(Hibler et a!. 1974) where M is the number of ridges per km and h:is the mean 
square sail height of the ridges. We apply a median value of M = 10 km-1 as 
observed during the U.S. Birds Eye Project (Vinje eta!. 1981), and an average 
ridge height of one metre which is in fair accordance with field observations. 
This rough correction gives ice thicknesses for 1981 and 1982 of respectively 
4.0 and 3.5 m which can be compared with 3.45 m obtained by Wadhams in 
1976. 
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A mean thickness of 3 m is traditionally assumed for the ice moving 
through the Fram Strait (Zubov 1943, Vowinkel 1964). According to 
submarine observations, which show that there is a considerable variation of 
The ice thickness cross stream (Wadhams 1981a and Hibler 1980 (Fig. 3), and 
the drillings in 1981 and 1982 in the marginal area, an average thickness 
between 4 and 5 metres seems more likely. 
Measurements in the northern Barents Sea reveal great interannual 
variations. Observations from the Swedish ice breaker YMER in 1980 gave an 
a verage thickness of even ice of about I metre (Overgaard et al. 1982), 
corresponding to an average mean sea ice thickness of lAO m when corrected 
for ridging'using the formula of Hibler et al. (1974). Observations made in 
1981 and in 1982 during the Norsk Polarinstitutt's cruises with LANCE 
yielded a mean ice thickness of 204 with a standard deviation of 0.3 m 
according to Rothrock (1981). Ridging has then been corrected for by using 
the above formula and applying the most frequent ridge density, 9 ridges per 
kilometre, as observed during the Birds Eye Project and assuming an average 
ridge height of one metre. The considerable interannual variation in the ice 
thickness as observed in the northern part of the Barents Sea is in all 
probability due to the variation of the inflow of ice from the Arctic Ocean as 
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Fig. 4 Left: The annual course of the thickness of the fast ice as measured 1964-1965 at 
Edgeoya at 77.4°N,22.5°E. (Odd Lono, pers,comm.), The average air temperature for this 
season was about 2°C below the long term mean. 
Right: Maximum, minimum and mean thickness offast iceat Hopen (76.5N,25.IO) based on 
weekly drillings through nine seasons between 1966 and 1982 with a permanent fast ice 
cover. The maximum thickness was observed in the 1968-1969 season when also extreme 
low average temperatures were observed (Det nmske meteorologiske institutts Arbok). 
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Measurements of the thickness of land-fast ice at Hopen (Fig.4) show an 
extreme thickness of 1.73 m in 1969. During this winter season there also 
occured an extreme low mean temperature in the Barents Sea area. (Det 
Norske Meteorologiske Institutts Arb0ker.) Statistics based on twelve years 
of ice observations at the Norwegian Arctic meteorological stations reveal a 
marked peak in the frequency distribution of the ice thickness in the interval 
0.9 to 1.5 mat Hopen in march. Further south at Bj0rn0ya which lies closer 
to, or in, the ice margin, this frequency distribution becomes flat, with no 
preferred ice thickness (below 1.5 m) (Vinje et ai. 1981). 
Drift fea tures 
Based on drift data from the period 1893-1965, Volkoc and Gudkovic 
(1967) find that in areas with a good data-base there is no apparent difference 
in the average drift speed for the summer half-year (April-September) 
compared with the winter half-year (October-March). The average drift speed 
in the Transpolar Ice Drift Stream is nearly constant over a distance of 
2000-2500 km out from the Siberian coast, and close to 2,8 cm S-I. The drift 
speed is accelareted when the Fram Strait is approached where an average 
drift speed of 7.2 cm S-i has been observed from buoy observations (Fig. 6). 
The axis of the Transpolar Drift Stream is subject to slow lateral displace-
ments between the Eurasian and the American side of the Arctic, probably 
because of change in the atmospheric circulation. The direction of this axis 
will to a great extent determine the sea ice conditions north of Canada, 
Greenland, Svalbard and the northern part of the Barents Sea. A lateral 
displacement will also be of importance for the magnitude of the outflow 
through the Fram Strait, between Greenland and Svalbard. The extension of 
the Beaufort Gyre is of importance with regard to the inflow of multiyear ice 
from the Beaufort Sea to the Transpolar Drift Stream. Gudkovic (1966) 
estimated the area encompassing the anticyclonic drift centered in the 
Beaufort Sea to vary between 2.5 and 3.5 mill km2 suggesting a marked 
interannual variation also in the exchange of ice between the two main ice 
creams in the Arctic Ocean. According to the drift pattern given by 
Gordienko (1958), as well as that observed under the Arctic Basin Buoy 
Programme after 1979 (Fig. 5), the center of the Beaufort Gyre is found in the 
vicinity of 800N and 150oW. 
Buinitskii (1951) found that for long periods (a season or a year) the 
currents account for about two-thirds of the total ice drift, while the 
remaining one-third is due to wind drift. Thus, for example, current drift 
comprised respectively 70%, 68% and 80% of the total drifts of the Fram, 
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Fig. 5 Drift tracks of selected buoys deployed under the U.S.Arctic Basin Buoy 
Programme since 1979. Norwegian and Canadian contributions have been made annually 
since 1981 with buoys and deployments. The position at the beginning of each month is 
indicated by a filled circle. 
Sedov and the Russian manned station North Pole I. Thorndike and Colony 
(1982) found that about 50% of the ice drift in the central part of the Arctic 
Ocean over periods of several months is directly related to the geostrophic 
wind, while 50% is related to 0 cean circulation. On shorter time scales in all 
seasons they find that the percentage share of the total ice drift related to 
ocean circulation is reduced to less than 30%. There is thus a marked increase, 
with longer peri9ds of time, of the influence of the ocean currents on the ice 
drift. 
The export of ice through the Fram Strait has been estimated in several 
different ways. Based on drift observations in the Arctic Ocean, Volkov and 
Gudkovic (1967) for example estimated an outflow of 0.9 mill km2 per year 
for the period 1954-1964. Estimations based on the drift of automatic stations 
deployed north of the Fram Strait under a Norwegian Ice Drift Experiment 
(ICEX) which started in 1976 (Fig. 6) suggest an annual mean speed (averaged 
across the Strait) of 7.2 cm S-I. The annual maximum, the median and the 
minimum width of the ice stream was 420, 350 and 230 km, respectively, for 
the ten-year period 1971-1980 (Vinje 1982). The corresponding average values 
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of the sea ice outflow through the Fram Strait then becomeO.95, 0.79 and 0.52 
mill km2 year-I. 
Zacharov (1976) reports on calculations made for the period 1942 to 1968. 
He used the observed constant speed of the ocean current (not given) and 
calculated the wind drift in the Fram Strait. He found a seasonal variation 
with a maximum in the winter half-year and a minimum in the summer 
half-year. The annual average was 0.65 mill km2 per year with a maximum of 
0.92 and a minimum of 0.39 mill km2 per year in 1961/62 and in 1953/54, 
respectively. Because of the different periods and approaches the various 
absolute values of the figures cannot be co'mpared directly. Zacharov's figures 
suggest an interannual variation of 135% while Vinje's observations suggest 
20 eM/S 
----
Fig. 6 Ten day averages of drift vectors as obtained from the current Norwegian Ice Drift 
Experiment (ICEX) performed by NP and DNMI since 1976. The average of the drift 
components perpendicular to the shortest line across the strait indiaates an average annual 
outflow speed of 7.2 cm s-I. 
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possible maximum interannual variation of 83%. The ice drift pattern in the 
strait caused by the oceanic surface currents has been estimated by tracing ice 
floes on Landsat images during two periods of together three weeks during 
calm· weather conditions in 1976 (Fig. 10). Assuming a small annual variation, 
in accordance with the Russian observations mentioned above, we arrive at a 
current induced ice export of about 0.57 mill km2 per year. Compared with the 
above figures for the total export, this observation indicates that the ocean 
currents playa dominant role in the ice export through the Fram Strait. 
The drift speed of the ice generally increases towards the ice edge. The main 
reason for this is presumeably an increase of the wind induced current in the 
surface layer, a reduction of the internal stress between the more spread out 
ice floes, and an increasing roughness because of the increasing length of 
freeboard per unit area when approaching the ice edge. The degree of ridging 
plays a very important role in the drift. This is clearly illustrated in Table I, 
which is a reproduction of Table 110 in Zubov (1945). 
m~ 2 3 4 5 6 7 8 9 
1 90 80 70 60 50 40 35 30 25 
2 180 160 140 120 105 90 70 60 50 
3 270' 245 220 200 175 150 125 100 80 
4 360 330 295 260 230 195 160 130 100 
5 450 410 370 330 290 250 210 170 130 
6 540 490 440 395 350 305 260 210 160 
7 630 575 520 465 410 355 300 245 190 
8 720 650 600 540 475 410 350 285 220 
9 810 740 670 590 520 450 390 310 245 
Table 1. The wind factor (X 104) of ice drifts as a function of concentration (n) and 
hum mocking (m) of the ice. From Zubov (1945), based on measurements made by 
theodolites at Cape Schmidt (1938-1940). 
It is seen that the wind factor for II 10 ice cover is about three times greater 
than for 9/10 and that the wind factor increases by as much as an order of 
magnitude when the hummocking increases from 1110 to 9/10 of the area. 
The relatively high effect of roughness on the wind drift may explain why 
certain ice floes move markedly faster than others under similar wind 
conditions in an area (e.g. Vinje 1977b). Because of the linear relationship 
between the wind factor and the hummocking and ice concentration a non-
linear change crosswind of the roughness (e.g. ridging or floe seize) or the ice 
concentration should result in a more or less abrupt change in the drift speed. 
This will cause the well known increase in the flow speed towards ice edges 









Fig.7 A sequence offour LANDSAT images illustrating the marked difference in sea ice margin features which may be observed in areas 
with variable current shears. The north-western part of Spitsbergen is seen in the lower right part of the figure. The images were obtained 
22 May 1976 under a NASA project. See text for further explanation. 
Processes in marginal areas 
Since the coming of satellites it has been possible to obtain overviews of the 
sea ice conditions in a great variety of time and space scales. This has to a 
considerable extent increased our knowledge of the highly variable conditions 
in the marginal ice zone. Very complex circulation pattern may at times be 
observed. In figure 7 we see several eddies along the ice edge with different 
spacings and shapes. High pressure conditions prevailed, indicating calm or 
feeble winds. Three-quarters of the right hand side of the image covers the 
area where the warmer West-Spitsbergen Current submerges the cold. At zero 
degree it is the salinity which determine the density. The polar water has less 
salinity and is therefore less dense. The striking difference between eddy 
forms and sharpness of ice edge in this submerging area as compared with the 
Fig.8 composite visual and infrared NOAA image displaying the features in the ice margin 
and the complexity of the mixing processes between the warm and the cold water masses in 
the Greenland and Norwegian Seas. The maximum difference in sea surface temperatures is 
about 6°C according to DNMIs Ice Charts. Fairly weak, northerly winds prevailed. 
Received at Troms" Telemetry Station 14 May 1981. 
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SPITSBERGEN 
Fig.9 A composite visual and infrared NOAA image covering the same area as Fig. 8. We 
note the difference in eddy forms along the ice edge in the Greenland Sea when comparing 
the two figures. The maximum sea surface temperature difference is about 6°C (DNMI Ice 
Charts). Received at Troms0 Telemetry Station 5 September 1980. 
left hand side of the figure shows that the pattern of interaction between the 
two current systems is clearly different in the two areas. 
The complicated mixing pattern between cold and warm water masses west 
of Svalbard is also illustrated by the infra-red images reproduced in figures 8 
and 9. 
We see how the ice may be extracted from the East Greenland Ice Drift 
Stream into the warmer water (where it disintegrates). This "leakage" seems 
to go on along the full length of the ice edges both in t~e Greenland as well as 
in the Barents Seas during conditions with an off-ice component in the wind. 
The ice extracting eddies can be observed at intervals ranging from 10 to 
about 70 km. It seems that the mixing activity becomes more orderly later in 
the season (Fig. 9) when several well developed eddies can be seen in the water 
with dimensions varying within a similar range as given above. The exchange 
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of heat across an ice border is accordingly highly variable both in space and 
time. This shows clearly that to obtain representative averages of the fluxes of 
heat and mass across an ice edge it is necessary to consider a fairly large part of 
the ice boundary to secure a representative inclusion of the various types of 
heat' and mass exchanging eddies. 
Fig. 10 is based on the tracking of more than 100 ice floes on LANDSAT 
images. The figure shows the average drift pattern as observed during two 
periods with calm weather during May and June 1976. We see the narrow 
jet-like drift in the middle of the passage with a back water circulation 
extending over a large part of the shelf area east of Greenland. A cyclonic 
circulation is indicated between 790-80oN and OO-50E where eddies are 
frequently observed (e.g. Palfrey 1967, Vinje 1982 and Wadhams and Squire 
1983). 
The sea ice cover and climatic changes 
To cover the radiative loss of heat in the Arctic the present equilibrium state 
is maintained by advection of heat in the atmosphere and in the ocean plus the 
YEAR 1976 1: 5000.000 
81' 
N ..... o,w--__ 
77' 
10 0 W o· 100 E 
Fig. 10 Interpolated ice drift vectors based on daily observations of nearly 100 ice floes 
tracked on LANDSAT images during two periods with calm weather, 5-16 May and 1-12 
June 1976, The images were obtained under a NASA project (Vinje 1977b), The average 
drift speed perpendicular to the shortest line across the strait corresponds to a current 
induced ice export of 0.57 mill km' per year. 
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heat of fusion released in regions with net production of ice. The influxes in 
the atmosphere and in the water are calculated to be 75 and 6 W m-2, 
respectively. The additional gain of heat caused by the freezing of ice in the 
Arctic Ocean amounts to 3-4 W m-2 (Untersteiner 1982). Studies made by 
Aagaard and Greisman (1975) indicate that the heat budget of the Arctic 
Ocean is determined mainly by the flows of water and ice that pass through 
the Fram Strait. The other passages are too constricted and moreover, there 
are no prevailing current systems which favour exchange through these 
straits. 
The main discussion of the stability of the Arctic ice cover started about 20 
years ago in connection with the question of removing the ice cover artificially 
to improve the climate of the Arctic region. According to Bodyko (1962) a 
reduction of the albedo with 0.2 would be sufficient for a long term removal of 
the Arctic ice resulting in warm climatic conditions, as during the pre-glacial 
times. The heat balance components for the present ice cover has also been 
computed by Fietcher(1966) and by Donn and Shaw (1966). They found that 
an increase of the radiation balance in the absence of ice in the Arctic Ocean is 
not compensated by the heat loss through turbulent heat exchange and 
evaporation. The compensation could be effected by for example increasing 
the temperature of the water (and then ice cannot form), or, according to 
Donn and Shaw, by an increase of the turbulent heat exchange and 
evaporation in the Norwegian Sea. Doronin (1969) states that the effect or the 
stratification in the upper layers of the ocean, and accordingly the effect on 
the surface temperature, has not been considered in the above papers. Taking 
this into account, Doronin arrived at the conclusion that without an 
additional advective. heat influx, the final stage of the ice regime in the Arctic 
Ocean and its·marginal seas will be the same as at present. This conclusion is 
supported by Zacharov (1981) as well as by Stigebrandt's (1981) calculations. 
Stigebrandt presents a model for salinity and thickness of the upper layer of 
the Arctic Ocean. The parameters are the river runoff to the Arctic, the influx 
of less saline water through the Bering Strait, the export of ice and a 
parameter characterizing the vertical mixing. He finds that a decrease of the 
fresh water supply by as much as 50% would have only a small effect upon the 
ice thickness and the fraction of open water in the present Arctic Ocean. 
However, if such a decrease of freshwater supply is combined with a moderate 
decrease' of the flow through the Bering Strait and with a similar moderate 
increase of the area of exported ice, the pack ice might disappear. The 
development of an ice free Arctic Ocean accordingly depends upon a series of 
relatively comprehensive, simultaneous changes both in the fresh water 
discharge as well as in the atmospheric and oceanographic circulation 
patterns. The probability of such contemporary changes seems to be 
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extremely small because studies of cores from the Beaufort Sea and preserved 
marine fauna suggest that the Arctic Ocean has been covered with perennial 
ice throughout the last several hundred thousand years (Herman and 
Hop.kins 1980). This means that no drastic variation has occured in spite of 
very great climatic changes, including exceptionally warm interglacial 
periods. Such a persistence suggests that an ice-covered Arctic Ocean is 
indeed a very stable state. 
The anthropogenic effects will in the future add to the complexity of the 
question concerning the fate of the Arctic ice cover. We can expect increasing 
changes in the atmospheric composition because of increased transport of 
combustion products from distant areas (e.g. Rahn 1982), and if the 
atmospheric carbon dioxide continues to increase at the present rate, the> 
concentration will have doubled by about the year 2030-2050 (e.g. Mason 
1979). Most models suggest a corresponding increase of the global average 
temperature of 0.5° to 3°C. mainly because of the "greenhouse effect" (e.g. 
Munn and Machta 1979). This increase is similar to or less than the 
temperature rises which took place during interglacial periods, for instance 
during the postglacial optimum between 6000 and 5000 B.P. (SMIC 1971). 
The models suggest that a doubled carbon dioxide concentration will cause 
large regional differences in the temperature rise with a maximum in the 
Arctic. The U.K. Meteorological Office II-level global model for example 
suggests a moderate increase of the average global temperature ofO.4°C with 
a maximum of 4°C in the Arctic during winter (Mason 1979). 
The stability and the depth of the upper mixing layer of the Arctic Ocean 
will be crucial in determining the ice regime. The maintenance of the present, 
very stable stratification is provided mainly by the fresh water discharge from 
the Russian rivers and the melting. Manabe et al (1981) deduced from model 
studies that statistically significant changes of the hydrologic variables 
include large increases in both soil moisture and run-off rate in high latitudes. 
This effect is caused by the penetration of moisture-rich, warm air into high 
latitudes. An increased run-off from the continents should secure a main-
tenance of the low salinity upper layer -and the stability- of the Arctic Ocean. 
This poleward transport of humid air would in addition cause a significant 
increase in the thickness and extension of the cloud cover over the Arctic 
Ocean. Since a relative large part of the incoming solar radiation is reflected 
from clouds, an increase in the total cloud cover will reduce the heating of the 
surface and could mask the effect of an increase in carbon dioxide to a 
considerable extent. The present models thus suggest series of physical 
changes, which have the potential of neutralizing the heating effect caused by 
an increased concentration of carbon dioxide in the atmosphere. 
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ON THE BIOLOGY OF WHALES 
by 
P.J.H. van Bree 
In discussions on whaling and on the history of whaling it is absolutely 
necessary to have a basic knowledge and understanding of the biology of 
whales. In this article I shall discuss the general biology of whales: others will 
treat the biology and ecology of the species hunted in arctic waters. It is 
understandable that in a short paper as this one, the subject only can be" 
treated in a very superficial way. For those interested in the subject, a list of 
pUblications is given at the end of this article, so that they can study the 
biology of whales more in detail. 
Whales, which can be divided into baleen whales, Mysticeti. and toothed 
whales, Odolltoceti. are an order of mammals, the order Cetacea. Their 
ancestors were rather primitive non-specialized land mammals, the Pro-
teutheria. From these proteutherian mammals groups specialized themselves 
in anatomy, morphology and biology/ecology. The group of primitive 
mammals which in the course of time gave rise to the Cetacea was related to 
what later would become the Carnivora. the carnivores, as well as to the group 
which became the Ungulates. The ancestors of the whales became adapted to 
life in water. Of the first stage we know very little but we imagine that they 
started like rats or otters and became more and more specialized. Fossil 
remains from the Eocene show that they still had their external nares, their 
nostrils, at the front of their heads, and that they still had hind limbs, though 
already under-developed. 
Whether the p"rimitive cetaceans evolved into three different suborders, of 
which one, the Archaeoceti. died out, or into two suborders, the Mysticeti and 
the Odontoceti. is at this meeting of little importance. Whatever it may be, we 
know from fossil remains that the separation between toothed whales and 
baleen whales took place during the Oligocene, that is between 37 and 20 
million years ago. The separate development of the two suborders is reflected 
in their anatomy, biology and behaviour. The Mysticeti became more 
ruminant-like, the Odontoceti stayed more carnivore-like. Relying on the 
fossil evidence, we surmise that to the middle of the Miocene, cetaceans have 
been inhabitants of rather shallow tropical waters. Afterwards they moved 
into temperate and really cold waters of both hemispheres. It is noteworthy 
that the taxa which moved into colder waters (and into freshwater as well) are 
mostly little specialized. 
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After the Proteutheria moved from the land into the water (a habitat that at 
that time was empty for mammals), slowly and steadily an adaptation to the 
new surroundings took place. The animals lost their hair (except for a few 
ones on their upper lip when they are still young). Furthermore, their 
posterior members became smaller and smaller, and eventually disappeared 
completely. The only remains are the rudiments of the pelvis and in some 
baleen whales a trace of the humerus. Subcutaneous fat became more and 
more important: partly as insulation, partly as a source of energy during times 
without food or sufficient food, partly fo), lowering the weight and partly to 
get a streamlined shape, which ensures the least possible resistance to the 
water. As stated before, the nostrils moved from the front of the head to the 
top of the head so that the animals could breath lying horizontally in the 
water. In the Odontocetes, where smell is no longer important, they externally 
fused into one single blowhole. In the Mysticetes, where location of an 
odorous food source (e.g. krill) is still important, the nostrils remained well 
separated. 
In most cetaceans the neck disappeared through an extensive development 
of the muscles between the head and the body, the shortening of the cervical 
vertebrae and the smoothing effect of the subcutaneous fat. The anterior 
limbs also became adapted to life in the water. The upper- and the underarm 
became much shorter, the number of the fingerbones increased and the 
fingers grew together into a flipper, an organ used to steer the body, and used 
only in a minor way for propulsion. The main source of propulsion is the 
posterior part of the body. During evolution, that part of the body became 
longer and larger and the muscles of that part became very developed. 
Furthermore, two lateral skin folds at the end of the tail grew into flukes. 
They enlarged considerably the horizontal surface of the tail and this is most 
important because cetaceans move in the water by sculling. From anatomical 
studies we know that the upstroke of the tail is the more important source of 
propUlsion. Furthermore, in a large number of cetaceans, a dorsal skin fold 
developed into a dorsal fin, an organ that is rather important for stability 
during diving. For an audience with many non-biologists it may be important 
to emphasize that neither in the dorsal fin, nor in the flukes, are there bones. 
Also internally, many, many changes took place before the forbears of the 
cetaceans became completely adapted to life in the water. The end of the 
larynx grew out into a snout-like structure that fitted into the nasal duct 
ensuring thereby a good separation of the breathing system and the food 
system. The lungs became more cartilaginous thereby resisting pressure 
during diving, and a large series of valves are found in the bronchioles. 
Furthermore, the air in the lungs can be changed in a minimum of time. 
Everybody who has seen a baleen whale or a dolphin surfacing, 'blowing', 
inhaling air and diving again within one or two seconds will understand that 
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this is only possible by great anatomical, morphological and physiological 
changes. This way of breathing makes it necessary to have both a rapid 
absorption and a rapid emission of oxygen, and a rapid transport of the red 
blood corpuscles. And if we think of the dangers humans run when they dive 
or su'rface too quickly to or from great depths (diving sickness or the 'bends'), 
and if we consider that cetaceans can dive to depths over a few hundred meters 
within a very short time, we realize that also in this respect cetaceans have 
adapted themselves marvelously. 
The new surroundings in which the primitive cetaceans ventured also had 
an influence on their senses. In the toothed whales, the sense of smell was not 
necessary any more and became rudimentary. In baleen whales the sense of 
smell stayed important, though less so than in land mammals. Also the 
im portance of vision became less and a certain kind of regression in the 
development of the eyes was evident. It must be said, however, that recent 
studies have shown that that regression is far less than was formerly believed 
and that sight still plays a considerable role in the life of these animals. As 
regards the sense of touch little changed. The sense of hearing, to the contrary, 
became very developed. As compared to human beings cetaceans have an 
enormous range of hearing. All the sounds we cannot hear are called 
supersonic, especially the high-pitched sounds, and whales are, more or less 
like bats, very sensitive to high-pitched sounds. The toothed whales even 
developed a new kind of sense, the sense of echolocation. Independently this 
sense developed also in other orders of mammals, like the bats. By producing 
high frequency vibrations, supersonic calls, they can pick up the reflected 
vibrations and deduce from the difference in time between the outgoing call 
and the incoming sound the distance between the anima! and the object that 
worked like a reflector. As compared to what Odontocetes can do with their 
ultrasonic distance finding system, our human-invented sonar system is very 
childish and clumsy. It is understandable that the whole ultra-sonic signal 
system called for an enormous integration centre, a kind of supercomputer, 
next to the normal brainfunctions. It is therefore very understandable that 
toothed whales have relatively very large brains. In the popular press the 
brain size in dolphins has been used, if not misused, to indicate a high 
intelligence in these animals. 
Relatively little changed in the reproduction system. Because of the 
streamlining of the body there are no external genitalia. In females one finds 
the genital orifice close to the anus, and on both sides of the genital orifice the 
teats hidden in skin folds. Only if a baby whale touches these folds does the 
nipple become erect and protrude; it can then be taken in the mouth. Suckling 
is hardly necessary as the thick and very nourishing milk is squirted into the 
mouth of the young. In males the genital orifice is situated more anteriorly 
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than in females. In dead male whales the muscle, that keeps normally the 
penis retracted in the body, slackens and this muscle relaxation together with 
pressure from putrefaction gases in the abdominal cavity cause the penis to be 
squeezed out. Stranded or landed whales with visible penises intrigued 
seventeenth-century artists and are therefore often depicted. 
As whales are mammals and need to breath air, it is self-evident that 
newly-born specimens must reach the surface of the water as quickly as 
possible. It is known that in socially-living species other animals, called 
'aunties', help the mother to push the baby to the surface. As in other mamals 
or better, in all other animals, the young are born in the ecologically best 
suited period. A period either with plenty offood, or with a high temperature, 
or with both. 
In the beginning of the Eocene the sea was one large, empty niche for 
mammals. But as soon as the first cetaceans adapted themselves to life in the 
sea, it is clear that competition for food was an important speciation force. 
More and more different taxa developed, each specialized in a unique source 
of food or unique combination of food species. As stated before, about 20 
million years ago a group of cetaceans developed a system to exploit a new 
source of food. In this group of whales, the baleen whales, there was a 
reduction of the teeth and instead they developed dermal ridges laterally in 
the roof of their mouths which grew out to baleen plates. These series of 
baleen plates, hanging on both sides of the oral cavity, act as sieves when the 
water is pressed through them by the closing of the mouth and by bringing up 
the tongue. This system enables the animals to catch anything from small 
fishes to calanoid copepodes (rather small pelagic Crustacea), depending on 
the morphology of the snout and the development of the baleen plates. 
Animals with very long baleen plates, like the Greenland Whale or the 
Nordcaper, take normally only small crustaceans to a length of maximally 
one centimeter, species with shorter baleen plates take larger crustaceans, 
Euphausia species, with a length up to four centimeters, small squids and small 
fishes. Either they are more or less exclusively feeding on one type of food 
species or they can change their food·items in relation to the season or place. 
Preference or better a dependence on a certain food source in rela tion to time 
(season) and place determine the occurrence of cetaceans. 
In the toothed whales, the Odontocetes, a food specialization can also be 
noted. There are species feeding exclusively on squids, on larger fishes, on 
small fishes, on bottom-living crustaceans, or on combinations of these food 
items. In the Killer Whale, Orcin us orca, mainly feeding on fishes, even 
pinnipeds, birds (e.g. penguins) and small cetaceans are taken. 
It is remarkable that in species mainly feeding on squid, like the Sperm 
Whale, the Beaked Whales and Risso's Dolphin, a reduction of the dentition 
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of the upper ja w is found. It does not seem necessary to grab the slippery and 
wriggling squid species with teethed jaws, but just taking them and sucking 
them in seems to be sufficient. 
Into the typical biology of cetaceans hunted in arctic areas now and in the 
past; I shall not enter. For this, see the article by Dr. E.D. Mitchell in this 
volume. But it is necessary to talk briefly about the taxonomy of the baleen 
and toothed whales of the arctic an their Latin and common names as there 
still exists a great deal of confusion about these things among non-biologists. 
To understand the taxonomy and nomenclature it is necessary to go back in 
history. Prehistoric men, when roaming along beaches and rocky coasts 
found often dead cetaceans. Sometimes the cadaver was still fresh, so that the 
meat and the fat could be eaten and if putrefaction had already started, the 
fat, or blubber, still could be used for heating or lighting. If the animal was a 
large one, then the bones could be used as building material. The use of ribs of 
large cetaceans is known from excavations in many parts of the world and not 
only from the arctic. Later, smaller cetaceans like dolphins and porpoises 
were hunted by driving them into the creeks and gullies of tidal flats. And as 
time progressed, this hunting of smaller cetaceans became more specialized. 
Fishing nets and harpoons were used and in the early middle ages along the 
whole European coast small cetaceans were hunted and eaten, especially 
during Lent. Also North American Indians hunted dolphins in this way. This 
kind of whaling is still practised outside the arctic, south of the town of Dakar 
in Senegal and a few other places. 
Contrasting with rather flat coasts and shallow waters, in several localities 
there is deep water inshore and migrating larger whales could be observed by 
the inhabitants of the coasts. Such places are, for instance: the Bay of Biscay, 
the Norwegian coast, the North-West coast of North America, the north-
eastern passages to the Savu Sea in Indonesia, the East coast of Japan, and to 
some extent, also along the coast of Alaska, where open watr between the 
coast and the sea ice forces the whales to migrate inshore. At these places 
another kind of whaling dev~loped. The whales that were hunted could be 
harpooned from small boats. It was then possible to hunt the 'right' whales, 
the species which were slow swimmers, which were so fat that they floated 
when dead, which had so dorsal fins and which had very long baleen plates, as 
opposed to the other kind of baleen whales, which had dorsal fins, therefore 
the common name fin whales, which outswam their pursuers, which sank 
when dead, and which had rather short baleen plates. The first species hunted 
by the Europeans and the Japanese was a species whih spent its winter in 
subtropical waters, feeding in summer in low arctic waters far from the ice. In 
West Europe it was either called the Nordcaper (it summered also North of 
the North Cape in Norway) or the Biscayan Whale (females with young migrated 
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close to the Biscay coast), or the Black (Right) Whale, la Baleine franche. It 
was only much later, at the end of the sixteenth century, that the Europeans 
discovered another Right Whale, the Greenland Whale or Bowhead Whale. 
Although the sailors, the whalers, knew the differences between the two 
species, their descriptions were not very clear and not understood by the 
scientists of the seventeenth and eighteenth century. The two species were 
confused and a clear sign of that confusion is the Latin name of the Black 
Right Whale, namely Balaena glacialis: glacialis as a name of a species which 
never meets ice, a curious mistake. The other species, the Greenland Whale or 
Bowhead, was named Balaena.mysticetus, probably in relation to its very long 
baleen plates which were seen as part of the beard. This species is always 
found near the pack-ice and can be called pagophilic or ice-loving. It was only 
around the middle of the last century that Scandinavian scientists published 
clear descriptions of the two species. The confusion between the two species, 
however, persists in non-biological literature. 
To avoid difficulties, I would suggest talking only about the Greenland or 
Bowhead Whale, Balaena mysticetus, and the Nordcaper or Black Right 
Whale, Balaena glacialis, and to keep the term 'right whales' as the name of 
the family. The more so as in the Southern hemisphere there is another species 
of right whale, the Pygmy Right Whale, Caperea marginata. To the fin whales, 
the family Balaenopteridae, belong the Blue Whale, the Common Fin Whale, 
the Piked or Minke Whale, the Sei Whale, the Bryde's Whale, and the 
Humpback Whale. The third and last family of recent baleen whales consists 
of only one species, the Grey Whale, a taxon more or less intermediate 
between the right whales and the fin whales. See also the table given in this 
article. Among the many toothed whales, the two real arctic species are 
included, namely the Narwhal and the White Whale or Beluga. 
It has already been mentioned that baleen whales mainly feed on 
planktonic crustaceans, the so-called krill. These crustaceans in turn live on 
microscopic organisms, namely very small algae and diatoms. The planktonic 
crustaceans and their food species only can develop in great masses where 
cold waters, rich in nutritious salts, mix with warmer oxygenous surface 
waters. This is always at localities deeper than 100 fathoms, thus outside the 
continental shelves. In the Northern Atlantic during summer such krill-rich 
areas can for example be found between Norway and the Spitsbergen 
Archipelago (a), at the Northwestern side of the mentioned archipelago (b), 
around the Island of Jan Mayen (b), Southeast of Iceland (a), in the Davis 
Strait (b) and West of Nova Scotia (b) and Newfoundland (a + b). All areas 
where in the past whaling occurred; at the localities marked with (a) 




WHALES = CETACEA 
Toothed Whales = Odontoceti Baleen Whales = Mysticeti 
e.g. Right Whales = Grey Whales = 
Sperm Whale = Balaenidae Eschrichtiidae 
Physeter macrocephalus. 
Pilot Whale = I) Black Right Whale = Grey Whale = 
Globicephala melaena. Noordcaper = Mud Devil = 
Narwhal = Balaena glacialis. Eschrichtius robuslUs. 
Monodon monoceros. 2) Greenland Whale = 
Bowhead Whale = Beluga = White Whale = Balaena mysticetus. Delphinapterus leucas. 
Common or Harbour Porpoise = 3) Pygmy Right Whale = 
Phocoena phocoena. Caperea marginata. 
Dan's Porpoise = 
Phocoenoides dalli. 
Beaked Whales, etc. 
Table 1. Simplified taxonomic review of the recent Cetacea. 




Common Fin Whale= 
B. physalus. 
Minke Whale = 
Piked Whale = 
B. acutorostrata. 
Sei Whale = 
B. borealis. 
Bryde's Whale = 
B. edeni. 
Humpback Whale = 
Megaptera novaeangliae. 
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ECOLOGY OF NORTH ATLANTIC BOREAL 
AND ARCTIC MONODONTID AND MYSTICETE WHALES 
by 
Edward MitcheIl 
A number of the tens of species of Cetacea, the whales, dolphins, and 
porpoises, inhabit waters adjacent to the Arctic Ocean, and seasonally 
migrate north of the Arctic Circle. Of these, dolphins and porpoises, the 
Atlantic White-sided Dolphin, Lagenorhynchus acutus, the White Beaked. 
Dolphin, Lagenorhynchus albirostris, and the Harbour Porpoise, Phocoena 
phocoena, perhaps migrate farthest north in the North Atlantic-Arctic area 
(cf. Mitchell, 1975a; ed. 1975). Other, larger species of odontocete cetaceans 
such as the Long-Finned Pilot Whale, G10bicephala melaena, the Killer 
Whale, Orcinus orca, and the Northern Bottlenose Whale, Hyperoodon 
ampullatus, also migrate far north and the last relates to the ice edge during a 
substantial part of its life (Benjaminsen and Christensen, 1979). The largest 
socially mature bulls of the largest of the toothed whales, the Sperm Whale, 
Physeter catodon, undertake lengthy poleward migrations, but in the northern 
hemisphere they neither penetrate deeply into nor spend much time in Arctic 
waters. 
A few mysticetes or baleen (filter-feeding) whales in the northern hemis-
phere likewise migrate to high latitudes. The Gray Whale, Eschrichtius 
robustus, now extinct in the North Atlantic, might have migrated north of the 
Arctic Circle as do Gray Whales today in the North Pacific and Bering Sea, 
but there is no evidence to prove or disprove this point. The diverse family 
Balaenopteridae includes species which, in the southern hemisphere, migrate 
to and feed along the ice edge. In the North Atlantic the most northerly of 
these are the Minke Whale,. Balaenoptera acutorostrata, the Blue Whale, 
Balaenoptera musculus, and the Humpback whale, Megaptera novaeangliae. 
The Humpback and Minke whales have not figured prominently in the 
history of whale exploitation in the Arctic by Europeans and aborigines. The. 
Minke Whale is the smallest of the slim, large and fast-swimming Ba-
laenopteridae, most of which are cosmopolitan in distribution. It is not easy 
to catch, and has an inshore distribution (where it feeds on schooling fish in 
the North Atlantic) and is presently taken off West Greenland by aborigines 
as well as throughout the North Atlantic by a pelagic fleet. The Humpback is 
a middle-sized balaenopterid, differing from all finner whales (Balaenoptera 
spp.) in body shape and structure, pigmentation, sound production and 
65 
behaviour, and appears to be the feeding generalist (Hain et aI., 1982) of the 
family. It mainly takes schooling fish and euphausiids. West Greenlanders 
have taken the Humpback since at least the eighteenth century but it did not 
figure in pre-nineteenth century whaling in Denmark Strait and the Arctic 
Ocean (Mitchell and Reeves, 1983). It is easy to approach but difficult to kill, 
hence its varied history of exploitation. 
These seasonal migrants generally return to temperate and tropical waters 
during the northern winter. A few cetaceans relate on a year-round basis to 
the Arctic Ocean and to ice - these are the subject of this essay and 
companson. 
Fig. I. Arctic whales, from top to bottom: Beluga, Delphinapterus leucas; Narwhal, 
MOl/odol/lIlonoceros; Bowhead or Greenland Right Whale, Balaena mysticetus. Drawings 
by B. Dalzell and B.B. Osborne (modified from Mitchell, 1973, Nature Canada), not to 
same scale. 
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True Arctic Cetaceans 
Three species can be said to be adapted fully to the Arctic environment: the 
Polar, Greenland or Bowhead Whale, Balaena mysticetus, the White Whale 
or Beluga, Delphinapterus leucas and the Narwhal, Monodon monoceros (Fig. 
I). The Black or Biscayan Right Whale Eubalaena glacialis and the Bowhead 
Whale, and to a much lesser degree the White Whale and the Narwhal 
supported the pre-nineteenth century expansion of whaling by Europeans, 
spreading from the continent offshore to Iceland, Spitsbergen and Green-
land. The Bowhead, Beluga and Narwhal have possibly relict distributions 
restricted to Arctic and ice-infested waters, and have no anti-tropical 
analogue in Antarctic waters. 
The Bowhead (Scoresby, 1820) and Right Whales comprise, along with a 
poorly known and apparently rare pygmy species, the mysticete family 
Balaenidae. Abundant in historic times, populations of tens of thousands in 
different regions were depleted by whaling. All existing populations presently 
number in the low to middle hundreds, or in one case in the Bering Sea 
. Bowhead stock, low thousands. In the North Atlantic and adjacent Arctic, 
the Bowhead and Right Whales appear to have mainly allopatric distributions 
(Reeves and Mitchell, 1983 Ms and references), enhanced by behaviour, and 
have been regarded by some taxonomists as congeneric. The two species are 
similar in body size, shape and aspects of colouration, they have similar 
feeding preferences, and early whalers and current scientific studies have 
found their behaviour similar. Since they are closely related taxonomically 
and are allopatric to a high degree, the simplest interpretation of their life 
history is that they are likely to be similar in many of their biological 
parameters. 
Theil' feeding habits 01' preferences appeal' almost identical. The Bowhead 
feeds primarily on copepods and euphausiids, and on hyperiid amphipods 
and mysids in some regions; the Right Whale feeds primarily on copepods and 
euphausiids (Nemoto, 1959, 1970; Mitchell, 1975b). This similarity in feeding 
habits, morphology and behaviour indicates that they are potentially close 
competitors and may partly account for their allopatric distribution. It also 
helps explain why the two were not distinguished by many whalers and most· 
zoologists until late in the nineteenth century. Together, the two species 
comprised a pool of "Right Whales" with a nearly continuous distribution 
from the shores of the Bay of Biscay where Basque whalers developed the 
technology to take large whales pelagically, to Spitsbergen where whaling 
became an important commercial enterprise of substantial political interest to 
Europeans. Right Whales were highly important to whalers because of their 
slow swimming speed, high oil and baleen yield, and the usual buoyancy of 
their carcasses. 
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Little is known of growth and age in Bowheads. Few gonads have been 
collected and examined by biologists from any bowhead population, and 
nothing is known of ovulation rates. The interval between calves is not known 
from direct evidence. In eschrichtiids, ear plugs (the waxy accumulation in the 
external auditory meatus) have been found to show growth layers and have 
been used for age determination studies (Rice and Wolman, 1971). The ear 
plug was first found to show growth layers in balaenopterids (Purves, 1955). 
Growth layer groups have long been used for age determination in some 
species of balaenopterids but have proven unreadable in adequate samples 
from some populations. Growth layers have also been sought in other tissues. 
Klevezal' and Mitchell (1971) found growth layers in the auditory bullae of 
Fin Whales, Balaenoptera physalus and Sei Whales, Balaenoptera borealis, 
and this pattern of growth layers has been found in other balaenopterids 
(Christensen, 1981). However, comparable results have not been found to 
date for many balaenids. Omura et al.(1969) found" 12 dark laminae" in an 
ear plug from a North Pacific Right Whale. Braham et al. (1980) reported that 
the ear plugs of a few Bowhead Whales showed no growth layering. Apparent 
growth layers are present in the periosteal bone on the dorsal surface of the 
involucrum of the auditory bulla (Fig. 2) in bowheads (Fig. 3). 
Fig.2. Auditory bulla of balaenid whale, BM (NH) 338j (type of Ba/aella angulata. Gray, 
1871 ). 
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Fig. 3. Photomicrographs of transverse section through dorsal surface of involucrum of 
auditory bulla of Balaena myslicellis (LACM 54754). 
The Beluga and Narwhal are four or more meter long white to dark gray 
odontocetes, with reduced and specialized dentition, distributed in a number 
of separate circumpolar populations (Kleinenberg et aI., 1964, 1969; Vibe, 
1950,1967; Sergeant, 1968, 1973; Leatherwood and Reeves, 1982; Mansfield, 
et aI., 1975; Reeves and Tracey, 1980; Finley and Gibb, 1982). Having the· 
same body size and general shape, they differ markedly in dentinal 
specializations and in details of body colouration, schooling habits, and 
possibly social structure and feeding habits. A variety of evidence published 
to date indicates that the Narwhal dives longer and feeds more deeply than the 
Beluga. It has been perceived as frequenting ice fields and ice cracks in winter, 
while the Beluga prefers the floe-edge and open water. Similar prey are taken 
by both species especially squid, Arctic cod, halibut or other flatfishes, 
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shrimp, and other crustaceans. The Narwhal also takes mysids (like the 
Bowhead), and the Beluga takes small schooling fish such as herring and 
capelin where available. The Narwhal and Beluga have long been thought to 
be closely related, and have comprised the entire family Monodontidae. They 
are geographically sympatric but adaptively divergent and have apparently 
partitioned the water column and feeding resources although they are often 
found together. Aboriginal and commercial hunting practices took advan-
tage of the social nature of Belugas and their inshore, ice edge and estuarine 
habit (Mitchell and Reeves, 1981). 
Problems in interpreting life history and ecology of Arctic cetaceans 
One major problem is the obvious one of collecting biological data on 
species that dwell in or near ice fields in the winter. Little is known of 
reproduction, feeding, and social structure and behaviour during winter 
months for any of the Arctic species. Perforce some of the knowledge about 
them must come from inferences and comparisons. 
Although, as has been mentioned above, the Narwhal and Beluga have 
generally been regarded as closely related species with different ice-related, 
diving, and feeding habits (Sergeant, 1978), examination of stomach contents 
and construction offood webs (e.g. Davis, et aI., 1980; Bradstreet and Cross, 
1982; Finley and Gibb, 1982), do not bear this out. Both species have nearly 
the same primary prey preferences in the same regions. (The apparent 
diversity of the prey taken by belugas may reflect their wider geographic 
distribution and subdivision into isolated stocks - and the availability to some 
of these stocks of different prey.) In the Canadian eastern Arctic, the narwhal 
and beluga show markedly similar feeding habits (e.g. Figs. 7-8, Davis et aI., 
1980). 
I do not necessarily subscribe to the generally prevailing interpretation and 
consider it useful to frame an hypothesis alternative to this view. 
The resulting two hypotheses are: 
1. The Beluga and Narwhal are closely related monotypic genera in family 
Monodontidae, and they are geographically sympatric but avoid direct 
competition by character divergence. 
2. The Beluga and Narwhal are not closely related species, possibly not even 
belonging to the same taxonomic family. They are geographically sympatric 
due to utilization of similar resources. Differences stem not from character 
divergence but from different ancestry. 
In support of the first hypothesis there is a substantial body of data 
available in published form. But it must be pointed out that Kasuya (1973) 
concluded in an examination of ear bone morphology that the Beluga and 
Narwhal are related only distantly through common ancestry in kentriodon-
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tids, and he placed the Beluga with Orcaella in a family Delphinapteridae, 
separate from a mono typic family Monodontidae. Mitchell (1975a, p. 65) 
commented on the similarity between Belugas and the Irrawaddy River 
Dolphin, Orcaella brevirostris. The two might represent an old, antitropically 
distributed species-pair. Clearly, more research on this point is needed. If the 
Narwhal and Beluga are in fact not closely related but convergent from 
different mammalian groups, care must be taken in assuming similarities in, 
e.g., their biological parameters. For example, the growth and age features of 
Narwhals and Belugas have been taken to be similar. Yet, a closer 
examination indicates some apparent differences and substantial problems of 
evidence and interpretation. 
Most odontocete cetaceans show by current interpretations one growth 
layer group (GLG) deposited in hard tissue per annum (cf. Perrin and Myrick, 
eds., 1980 and appended papers). However, the Beluga has been interpreted 
to deposit two GLG per annum in the teeth (Sergeant, 1959; Kleinenberg and 
Klevezal', 1962a, b) concurrent to the deposition of only one GLG per annum 
in the dentary (Brodie, 1969). The Narwhal on the other hand is interpreted to 
deposit only one GLG per annum in teeth and dentary tissue (Hay, 1980). 
Differing interpretations of the Beluga data (e.g. Ohsumi, 1979) have not led 
to a resolution of the problem, and Brodie (1971, 1982) concluded that the 
simplest explanation of the data is that the Beluga is different in this regard 
(Figs. 4-5). 
Clearly, problems concerning the intrinsic and extrinsic factors affecting 
GLG deposition in hard tissues ofmonodontids require much more work and 
should be a research priority (e.g. Bada, et aI., 1983). If this disparity is true, 
what might affect the Beluga differently such that twice as many growth layer 
groups are deposited in a year in the teeth of this species than in all others? 
Most comparisons do not emphasize the differences between Narwhal and 
Beluga migratory or reproductive cycles. Indeed, due to the nature of the 
stringent environment in which they coexist, they must undergo roughly 
similar migrations in terms of latitude and day length. 
Various observations on sloughing of the skin of the Beluga (e.g. Kumlien, 
1879; Bartman, 1974) have been suggested to me to represent the possibility of 
annual molt in this species (T.G. Smith, pers. comm. 12 VI 83). This might 
represent some additional physiological stress or change for Belugas not 
otherwise present in an annual cycle for other cetaceans. But even if true it 
would not appear to represent the suitable factor affecting dentine deposition 
on the evidence of timing alone. 
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